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CHARACTERISTICS OF THE WNR - A PiJLSED SPALLATION NEUTRON SOLF!CE

G. J. Russell, P. W. Lisowski, S. D. Howe, N. .;.P. King ~nc!M. M, Mcier

University of California
Los Alamos National Laboratory

Los Alamos, New Mexico 87545 USA

The Weapons Neutron Research facility (WNR) is a pulsed spallation neutron so~rce in operation
at the Los Alamos National Laboratory. The WNR uses part of the 800-MeV proton beam from the
Clinton P. Anderson Meson Physics Facility accelerator. By choosing different target and mod-
erator configurations and varying the proton pulse structure, the WNR can provide a white
neutron source spanning the energy range from a few meV to 800 MeV. The neutrcn spectrum from
a bare target has been measured and is compared with pre’lictions using an !ntranuclear Cascade
model coupled to a Monte Carlo transDort code. Calculations and rwasurements of the neutronics
of WNR target-moderator assemblies are presented.

[800-MeV protons, spallation, neutron spectra, 1 meV-BOP leV neutrons, lntranuclear Cascade
Predictions]

!ntrodw:tion“—. —
The kleapons Neutrcrl Research factltty ’” is an
operational pulsed spallation neutron cou”ce at
tho Los A~amos Nat; mal Laboratory, At the MNR, a
portion cf the fntense 800-Ne V proton beam pro-
duces by the Cl fnton P. Anderson Meson Physfcs
Fecilt; y (LAMPF)’ baabards a target to produce an
fntente whfte-neutron source. Variable proton
pulse wtdths arc avoflable at the WNk givfng
tfrne-of-fl~ght (lOF) exp~rfmental cnpabflfty (or
neutrfms fr:sn a few meV to 8~ MeV, The flexfbtl-
fty and capability of the WNR will be enhanced by
the additfon of a Proton Stor#,ge !{fng (Pm)’. The
PSR, prasently under constrwctfon and scheduled
for operatfon 10 19@6, will be abl? to alter the
fntensity, tfme itructurt, and r~etftion rate of
the WNR proton pu; se, He present here a descrip -
tfnn of the WNR, its operatfng characteristics,
and some neutron spe:tra meatursments and calcula-
tions.

E%!Ml .wm!!!!?l!
The UNR is o,w of severkl experimental facilftf~s
located at LAMH; th~ lay,?ut of the WNR is illus-
trated in Ffg. 1. At present, the high-c~rrent
area (tirget 1) fs capable of accepting up to 20
uA of proton hem, Targe*. 1 has a vertfcal
tar t,

r
Is surrounded by a l-m dfam by ?-m hfgh

CV1 ndrfcql vofd, and is shfelded by a 3,7-m-thfck
lmrfnoted iron-concrete str~tule. Target 1 has a
vrry flexible targrt-mod?rat,or-reflector handlfn
$chmne; all three conffpvrat{ons ihcwn fn Fig, !
ars ~loy?d. Th@ ori~nt~tfon of tile reflected
‘1’-th#p? morkrator in tar~t 1 fs illustrated fn
Ffg. 3. For usa wit,t.the PSI!, the shieldinq and
handling schme /or t,argetr, mrwierat.ors,and re-
flectors Is befn~ upgraded for operatfcm wfth 100
MA of proton curramt. NeutrM b?mns arw extratted
at 90” to the targetaxfT;fltght paths fraa 5 to
sewral hundrad m?ters ar? avaflable, n~sfc re.
uoarch In ‘jmlear physics and mat@rial$ Mience
res~arch fs done fn the hfgh-currerrt target area.

The Iow-curr?nt targat aret (targ@t 2) can ,?cC@pt
UP to 0.1 IIA of proton bem or be USWI fcr
xvensu~aents wfth neutrons from targ~t 1. The
horttontal proton bear In target ? str!k~s tar ?t*

rwhich .an be vfew@d at, a varirty of angles ( tar+
7.5* to 165”) to tha proton born, Me have fmpl..
raerrted30-m flight paths at 7.5”, 1$”, and ~1 tt
~tu.fy (p,~rrj- anri (p,xp)-typ* roacttons, and are
cc sidering longer fli fitpaths and oth~r an I@s.

1 ?In t$r:~t 7, * have a so tiveloped the cap~h lfty
to maasur~ (for fAlf)-*V.proton spallatfon rcec-
tforrt). 1) ~patiu! dist!ibutfons of (ahsolutu)
‘thawxal’ neutror surface flume: from wwhrators,
?) absclute neutrrx, sp~tra for ●nergies < 10 @V,
and 3) nsutron pulse dlaoea for mergict < 0.172
eV. No Lwr thf$ Unfque @xpi?rfm@rrtalcapabilf
(c~bfned with ●xcellant c~utntional Ysdpport

to .ptlmfze the neutro!lics of the hfgh-current
production target system fn terms of neutron bemn
flUXe$ and PUISe widths, and mfnfmfzlng hfgh-
energy neut~on hewn ;mtarnfnatfon and associated
backgrounds ‘0617.

Using t.arget$ placed fr the ltNR beam chancel, we
have constructed a 200-m f!fght path at 0“ to the
proton hem. This flight path cornbfned with a
unique WNR proton pulte structure* allo’ws hfgh
resolution experfmerjts”to be performd at neutror,
energfes up to 600 f4eV .

O~eratf ng lther~terfsttcs—.— —
Nfth or without the PSI! proton beam, the WNR can
operate in two modes. Tnese males are ns follows:

● wfthout PSR

●with PSR

1

I

mfcrupulse mode

microsecond mode

short bunch hffjt
frequerwy mode

Tong bunch h{gh
freque~y mods

A swmnary of the WNR prnton PUISQ characteristics
f! given fn Table 1, At present, the wfdth of tha
kfNR proton pulse csn be varfed fran 700 ps to 8
11s, Th@ P$R will p-ovfde additional pjl$e-wfdth
and r~etitfon. rate cwnbfnatfons wfth hfgher in-
stantaneous Intensltfes, and mor? average protor
currents.

Nawtronfc Cllaracterf$tfcs—. .-.—- ~.. ,—
Tha $arfous de$fq,l! of tgrg?t, thrgot-nodera+or,
and tar t moderator

~ {se? Ffg, 2} a,c strongly ?nfluenc@d by
.rpflector copfi uratfons for

t~rget
t,h~naeri for n@utrons wrth energfcs !anqfng frms a
few meV to fl(hlMeV having pulse widths as narrw
au prectfcal. U@ use s bare target to produce
neutrons with @n@rgi es z 100 kei ‘, an unreflected
‘fast’ moriarator, for ,~utrons with ●nwgfe< 1.
~v~fs~~ kev, aqd a reflected system for
rwutrons wfth ●nargios 5 1 QV.

The high-r~solutfon hart target prese,ltly usad in
tarpt 1 consists of a Ta cyllnder (2,5-cm dtaxrby
15-cm long) plac~d fn a wat~r cooled Al canistrr,
UP measurd the neutron spactrun (at 90” to the
proton ham) frrfi swn a taqot; the results am
shown fn Ftg, 4 and c xnparat with calculated pre-
dictions. The bare..target data wre meawrd

~~k—~~roton pulsa width fitthe WNR WS
m?asured tc k approxfmatel

i
200 ps FNNN.

This ct,rreipond~ to a sirrJl@L MPF mfcropuls~.



at a ?9.4-m flfght path using TOF techniques and a
sclntillator of known efftclency. For these
measurements, w used 200-p s-wfde proton pulses
spaced 11 US apart at 12 Hz. Charg6d particle
contamination of the neutron beam was observed to
contribute sfgnfffcantly to the detector count
rate at energies ~ 100 MeV and was eliminated
using sweep magnets. The experimental data have
been normalized to calculated results at 10 MeV.

In target 2, we measured the neutron beam flux
fron a reflected ‘T’-shape md?rator using a BF3
detector, a 5.6-m flfght path, and t5 ns proton
pulses at 120 !12’. The measured data are shown In
Ftg. 5 for a 100 cm 2 field-of -v!ew at the
moderator surface. The target was a 4,5-cm-dfem
by 25-cm-long U rd. The CH2 moderntor had a
0.0025 -cm-thfck Gd poison sheet located 1.91 cm
frm the ‘wed surface. The moderator was
fsciated frcm the Be reflector by 0.076 cm of Cd.
T’,e Be refl~tor was a cube ~th a 46.~m sfde O
Keasured neutron pulses ~rcsn t!se Cd-decoupled,
Gd-pofsoned CH2 moderator are illustrated {n
Fig, 6.

State-of-the-art Monte Carlo codes are operational
on the Los Alamo$ conputfng systm. Thes~ codes
fncluc$? the ORN. High Cner~ N~cleon Meson
Transport Code (HETC)l O, and the sophisticated Los
Alamo$ coupled ne~tron-photon trunsport code
MCNP )‘, Me used these codes fn the calculation
shown In Ffg. 4. t(c have also computed ths
neutronfcs of moderated systems, In particular,
w have calculated the outward neutrml current at
a mod~rator surface fur the two conffgurotfons

&Ys2 :’?:s:i::YY;’::-:::l:i;eY8 ‘:,;:{ %
the unreflected slab-moderator ccmputatfons, A
5-cm-di&m by 25-cm-long N Taqet was used in the
reflected WIng-moderdtor calculations. The
reflector was a Be cube (5C cm on a side), and the
moderator was 3.5 cm fron target ctnter, TkwJ
Cd-decoupltr was 0,076-cm thick, and tne Gd po{son
sheet m$ 0.0025-cmI thick laced 1,$ CM frcm the
vfewd surface. Note fn !fg. 8 the dacraa$e fn
thermal neutron current when a reflected system IS
decoupled and pof:oned; the thermal neutron pulse
characteristics are, however, $ignf~lcantly better
for the decoupled/pof;oned system’, In Ffg, 80
the nwtron currtnt frrin the unreflected
slab-moder~tor is aver+sged over 400 cm’ whereas
the neutron current fran the wfng-moderators were
averaged Ov*r 100 cm), The presence of a
hfgh-en~r~ neutron ccmponwst, beginning at -1
tfeV, fn a ce;lt~r-lookfng ffeld-of-vfew from a slab
model ator (ccsnparad to the offset ffcld-of-vfew In
wing geometryl can be seen in Ffg. 8. Thft
hfgh-rnergy neutrcm component can exteni up to a
fsw hundred NeV’,

The charactcrfzatfon of the NNR neutron~c
cape411fty Wfll cont!nue in 8!1 Fffort tq
\nt@rcompare calculatforl wfth axpcrfments on ●n
absolute baits.
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Ffg, I Th{s ffgure Show\ tI Ityout of the NNR cnd the Iwhtfon of the
proton ftornqe rlnq. Thr h{qh.currrnt target {$ lcc~teri 1!1 n
vertft-el proton hrrnn ~ml f! virwd hy II horfzontdl flfght

paths. Th~ lrw-rurrent tnrqot fs Imat Fd !n a horizontal proton
hvam find v{rwd hy 11 hop{ ront~l f] lqht ll~th~ nn~ one vl’rtf~al
flfqht pfith. Thr 0. flfqht path ~xtonds out the iwrt of the
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Fig. 4 Bare target spactrum (at 90” to the
proton beam axfs) emttted from the Cy lin-
drlcal surface of the HNR Ta target. The
ffeld-of-vf~ at the target surface
encompassed the full target d{ameter but
lf~fted the height seen to 4.4 cm center-
ed 3.8 cm fran the top of the target.

\

lkNREFLECiED
SLAB-MODERATOR

REFLECTED
WING-MODERATOR

Ffg. 7 Illustration of geunetrfes used fn calcu-
latf~g oeutron leakage currents.

Fig. 8
EN ERQY (@V)

calculated neutron le6kage currents
averaged over the entire noOsrator sur-
face for three configurate ens: 1) c,r!j-
p1ed ref1scted ting-mcderator (5 cm by 10
cm by 10 CM HzO), 2) Cd-decoupled
Gd-po{ soned reflected wing-moderator (5
cm by 10 cm by 10 cm H O), and 3)

1Unref?ac ted S1ah-moderator ( CM by i?O Cm
by 20 m H20).

o 1800 aooo 4900 0000

TIME (pa)
Ffg, 6 Me?sured neutrm tfme dfstrfbutf ons fra o Cd-deccuy isd

Gal-pottoned reflec%d w!ng-moderttor.
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The Weapons Neutron Research facility (WNR) is a pulsed spallation neutron source in operation

\
at the Los Alamos National Laboratory. The WNR uses part of the 800-MeV proton beam frcm the
Clinton P. Anderson Meson Physics Facility accelerator. By choosing different target and rnod-

I
erator configurations and varying the proton pulse structure, the WNR can provide a white
neutron source spanning the ener~ ranqe from a few meV to 800 MeV. The neutron spectrum i-em

I a bare target has been-measured and is-compared with predictions using an Intranucle3r Cascade

/
model coupled to a Monte Carlo trans Dort code. CdlCLllat dns

~ of WNR target-moderator assemblies are presented.

[800-t4eVprotons, spal lation, neutron SI ctra , 1 meV-800 MeV
Predictions]

and measurements of the neutronics

neutrons, Intranuclear Cascade

Introduction

The !deapons Neutron Research facflfty’,~ is dn
operational PUI sed spallatton neutron source at
the Los Alamos National Laboratory. At the UNR, a
portion of the intense BOO-MeV proton beam prc-
duced by the Clinton P. Anderson ki~son Physics
Faciiity (LAMPF; 3 bombards a target to !>roduce an
intense tifte-neutron source. Varfable proton
pulse widths are avaflable at the WIJR gfviny
tfme-of-flfght (TOF) experlmenta) capahilfty for
neutrons from a few meV to 800 MeV. The flex fbfl-
Ity and capability of the WR will b? ●nhanced by
the addition of a Proton Storage Ring (PSR)*. The
PSR, presently under constrwctfon and scheduled
for operation in 1986, fill be able to alter the
fntensfty, tfme structure, and repetition rate of
the WNR proton pulse. He present here o dcscrfp-
tfon of the WNR, fts operatfng characterfstfcs,
and some neutrom sp~tra measurements and calcula-
tions.

Facflfty flescrlptim

The HNR fs one of several experimental facflftfes
laated at LAMPf; the layout of the WNR fs illus-
trated In Ffg. 1. At present, the hfgh-current
area (target 1) fs capable of ●cceptfng up to 20
BA of proton hem. Target I Pas a vertfcal
target, fs surrounded by a 2-m dfam by 2-m hfgh
cylindrical vofd, and fs shfelded by a 3.?-m-thfck
lmrfnated frcm-co~rete structure. Target 1 has a
V?W flexfhle target-moderato: -reflector kandlfng
schane; ?11 three conffgurctfons shown fn Fig. 2
are enployed. The orfentttfon of the refl~ted
‘T’-shape moderator fn target I 1s Illustrated fn
Ffg. 3. For use wfth the f’SR, the shfeldfng and
handlf ng sc hae for targets, moderators, ~nd re.
flectors fs befng upgraded for operatfon with 100
IIA of proton current, Neutron beaxs are extracted
at W“ to the target axfs; k’lfght paths from 5 to
sevc’r~l hundred meters are ●vaflable. Basfc re-
searth In nwlear physfcs and materfals science
research is done fn the hfgh-current target area.

The low-current t~rg~t area (target 2) can ●ccept
up tc 0.1 IJA of proton bamI or be used for
measurements with neutrons frcn target 1. The
horizontal proton bemrr fn target 2 strfkes thrgets
~fch can b? vfwed at a vartety of angles (frm
7.S” tn 165”) to the proton hem. We have fmple-
mtnted 30-m flfght paths at 7.5 ‘, 15”, ●nd ~ to
study (p,xn) . and (p,xp)-type mctfom, and ●re
considering longer flf ht pat$s ●nd other ●ngles.

!In turget 2, w have ● so developed ?.,,.Capabflfty
to measure (for 800-MeV-proton spallatfon erac-
tfons): 1) sp~tfal dfstrfbutfonz of (ktsolutel
‘thensal ‘ neutron surface flux~s fram wd?rators,
2) absolute neutr~ spectra for ●nergfes < 10 ●V,
and 3) n?utron pulse shapes for energfes ~ 0.172
aV. N@ use thfs untrjue ●xp@rfmental capability
(ccxnblned with ●xctllent c~ut$tfonal support)

to opt fmfze the neutronics of the hfgh-current
production target system fn tennr of neut?’o~ beam
fluxes ano pulse widths, and minfmfzfng hfgh-
energy neutron beam contamination and associated
backg.-mmds5~$’ 7.

Usfng targets placed fn the HNR beam channel, we
have constructed a 2D0-m flfght path at O“ to the
proton bemn. Tfrfs flfght patn combfned with a
unfque W’* proton pulse structure* allows hfgh
resolution experiments to be performed ●t neutron
energies up to 800 MeVe.

Operatfng Dsaracteri; t!cs

Nfth or without the PSR proton beam, the UNR can
operate fn two modes. These modes are as follows:

1
mfcropulse mode

●without PSR
microsecond mode

●with PSR I short bunch hfgh
frequemy mode

A sumnary of the WWR nroton pulse characteristics
fs given fn Table 1. At present, the width of the
WNR proton pulse can bc varfed fraa 200 ps to 8
Us. The PSR will p“ovici~ additional pulse-width
~nd repetftfon-rate corabfnatfons with hfgher in-
stantaneous intensities, and more ●verage proton
currents.

Neutronic Charact~rfstfcs—
The varftius desfgns of target, ta!get-moderator,
●nd target-moderator -rPflector configurations for
t~rget 1 (see Ffg. 2) are strongly influenced by
the need for neutroms with cnergfes rangfng fraa d
few me!’ to 800 MeV havfng rulsr wfdths as narraw
as practical. Me use a bare target to produca
neutrons with cnergfes Z 100 keV 1, an unreflected
‘fast’ moderator for ~utroni with ●nergiec 1
•v~[=l~ keV*, ani a reflected system for
neutrons wfth energfes ~ 1 eV.

The hlg;~-resolution bare targ~t presently used in
targvt 1 consfsts of a Ta cylfnder (2.5-cm diasx by
15-cm long) placed in a water cooled Al canfst.er,
Me masund the neutron sprctrum (at 90” to the
protc - heam) frm s~h a target; the swsults are
slmrn fn Fig. 4 and canpared with calculated pre-
dfctfons. The bare-targ?t data were measured

~=liil~~roton pulse k:dth at the NNR -s
measured to be apprcxfmatrly 200 ps FM.
Thfs corr~sponds to a single LAMPF mfcropulse.


